new examples of binary Bose-ChaudhuriHoquengkn (BCH) codes of length 255 are found for which tbe minimum distance and designed dishace agree.
For a cyclic code of length n with generating polynomial g(x), the designed distance S is defined as follows: 6-1 is the maximum length of a string of consecutive powers of a which are zeros of g (x) , where a is a primitive nth root of unity. It is known (see e.g. [l, p. 2011 ) that S is a lower bound on the true minimum distance d. For most Bose-Chaudhuri-Hocquenghen (BCH) codes of primitive length (n x2"--1) we have d= 6, the first example of nonequality being n = 127, 8 -29, d=31 ([ 1, p. 2671) .
Kasami [2] proved that when m # 8, 12 and m > 6, there exist binary BCH codes with d >I% Thus n = 255 is the first length for which it is not known when d = S or d >I% The aim of this correspondence is to prove that d= 6 for 6 = 37, 39, 45, 87 removing some asterisks from [ 1, p. 2671. Still unsettled values are S =43, 53, 59, 61, 91 . We shall make use of the following theorem.
Theorem ([3, p. 2781) : Let n, and n2 be relatively prime and let a be a factor of ni. If a BCH code of length n2 and designed distance d has minimum distance exactly d, then the BCH code of length nln2 and designed distance ad has minimum distance exactly ad.
In [4, table I] we find d= 6 for 9 <S < 29.
Case 6 = 37: The (n = 85, k = 9) BCH code, with 8 = 37, admits a codeword of weight 37, namely .
This can be checked by "direct" computation. Applying the theorem with n2 = 85, d= 37, n1 = 3, a = 1 yields d= S = 37 for the (255,131) BCH code. Case S= 39: First we construct an (85,8) BCH code with S=40: the roots of its generating polynomial g(x) are the ai, 1 < i < 85 which are not in the cyclotomic class C3 = {3,6,12,24,48,11,22,44} . Then g(a')=O for 39 consecutive valuesof i: 49, 50,**-,84, 0, 1, 2 and S-40. By [5] Inform Theory, vol. IT-19, pp. 818-820, Nov. 1973 CHllS-9448/80/0500-0363$00.75 01980 IEEE reference [l] . Further, this code is the "best" (58,29) self-dual code [5] . In this code too, the number of codewords of weight i is usually a multiple of 29. By computer search we find the following weight distribution for B (with Bi denoting the number of codewords with weight i). Let A(n, d, w) be the maximum number of codewords in any binary code of length n, constant weight w, and minimum distance d. Tables of bounds for A (n,d, w) in the range n < 24, d < 10 appeared in [l] . In this correspondence we construct a number of nonlinear cyclic codes and thus improve some of the lower bounds on A(n,d, w). Revised tables, incorporating the results given here, may be found in [2] .
A code C is cyclic if whenever (vs,v,, . . . ,v,,-t) is in C, so also is (v1,v2,-. . ,v,,-,,vo) . The codes of our examples are cyclic; we shall describe them by listing a set of generators such that any codeword is a cyclic shift of one of the generators. IT-26, NO. 3, MAY 1980 A code C is said to be closed under decimation if whenever (vo, Vl,Q, * * * ,v, _ ,) is in C, so too is (vo v,, v2t , * * * , vcn _ i),) for every t. 0< t <FL which is relatively mime to n; subscripts are co&id&d modulo IZ. It may well haipen that some decimation of a codeword v will be equal to a cyclic shift of v; that is, the (t,n) decimations of v may not yield (t,n)n distinct codewords. When a code is closer under decimation we may shorten still further the list of codewords required to describe the code. Any code may be decimated at interval t, where (t, n) = 1; the decimated code is equivalent to the original.
For each codeword v of C, let B,(v) denote the number of codewords which are at distance i from v. If B,(v) is independent of v, we say the code is distance-invariant. We write Bi for the average number of codewords at distance i from a fixed wdeword. Thus Be = 1 and Bi = 0 if 0 <i <d. For constant weight codes, Bi = 0 when i is odd. A(13,4,5) > 117: This code is closed under decimation and is generated as a cyclic code by the six distinct decimations of 1111000010000 and the three distinct decimations of 1110001001000. This code is distance-invariant with B4=32, Bs = 44, B, = 36, and B,, = 4 and is the unique maximal binary cyclic code with these parameters.
A(14,4,5) > 154: There are many inequivalent cyclic codes satisfying the bound. An example of a set of generators is 11110100000000 11001001000010 11ooo1OOOo1010 11000100010100 11100001000100 111OOOOoO10010 10101001001000 110100101OOOOO 11011000010000 111OOOOO101000 110011001OOOOO.
A(13,4,6) > 156: There are two inequivalent cyclic codes satisfying the bound. One is closed under decimation and is generated as a cyclic code by the six distinct decimations of 111101OOOOO10, the two distinct decimations of 1111001000100, and the four distinct decimations of 1110110010000. This code has B, =36, Bs=55, B, =54, B, , =9, and B, , =l;  it is not distance-invariant. A(19,6,5) > 76: The maximal cyclic code, unique up to decimation, is generated by 11100101OOOOOOOOOOO 1101OOOOO100001OcOO 11OOOOOO10101OOOOOO 1001001000100001000.
For this code B, -35, B, -25, B,,= 15; it variant.
A(20,6,5) > 84: There are two maximal codes. One may be generated by 11101OOOOOOOOOOOO100 1100001OOOOO11OOOOOO 101001OOOOOOOO101000 11OOOOO10001OOOOOO10 10001000100010001000.
A(21,6,5) > 105: Again the maximal cyclic unique. A set of generators is 11101OOOOOO01OOOOOOOO 11000100001OOOOOO0100 1001001OOOOO100001000 1100001011OOOOOOOOOOO 11OOOOO1OOOOOO0101000.
is not distance-ininequivalent cyclic code is essentially U.S. Government work not protected by U.S. copyright
